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Description 

This invention relates to a mouse which is modified so that it exhibits at least a partial functional human immune 
reaction. 

5 The following abbreviations, used throughout the specification, have the following meanings: 

AIDS = acquired immunodeficiency syndrome 

Con A = concanavalin A, a mitogen that stimulates proliferation of human T cells. 
DNA = deoxyribonucleic acid, the genetic material of almost all forms of life except retroviruses. 
io ELISA = enzyme linked immunoabsorbent assay in this case an assay for human antibody. 

GVH = graft-versus-host disease, a condition that may follow injection of functional T cells into an immunodeficient 
host. 

i.v. = intravenous injection route, 
i.p. = intraperitoneal injection route. 
is MHC = major histocompatibility complex, the genetic region encoding cell surface molecules critical for T lymphocyte 

recognition of foreign antigens. 
MLR = mixed lymphocyte reaction, the proliferation of T lymphocytes that follows stimulation with cells from an 

individual with a different MHC. In the case of humans, T cells from any two individuals with the exception 

of identical twins will react in the MLR. 
so MPS = Mononuclear phagocyte system, including stem cells, precursor cells, monocytes and macrophages, and 

the organs in which such cells are localized, e.g. bone marrow, peripheral blood, connective tissue, liver, 

lungs, lymph nodes, spleen and nervous system. 
M<t> = Macrophage(s). 

PBL = peripheral blood leukocytes, in this case from humans. 
25 PWM = pokeweed mitogen, a stimulus for the proliferation of human T and B cells. 

TNP-TT =trinitrophenyl-tetanus toxoid, a simple chemical coupled to a protein to which most humans have been im- 
munized. 

SCID = Severe Combined Immunodeficiency. 

30 The human immune system is an elegant and complex system which protects the human body from foreign mol- 

ecules and organisms; it also greatly limits the efficacy of otherwise life-saving organ transplants. The immune system 
is the organic system in the body which is badly damaged by acquired immunodeficiency syndrome (AIDS). The immune 
system may marshall armies of cells to ward off infection and/or induce responses which range from the inconvenient 
to the disabling. 

35 The general sequence of the various immune responses, the cells and molecules involved, and certain of the 

immune response modulating factors are now generally understood, but much remains to be learned respecting specific 
cells, enhancing and suppressing factors, and the regulation of the immune response. 

The immune response includes several molecules and cells which act, to greater or lesser degrees, to intercept 
immunogenic agents, typically allergens or pathogens, and/or to build a defense system to the particular immunogenic 

40 pathogen. Neutrophils, produced in the bone marrow scavenge foreign molecules and organisms which carry antigenic 
determinants, and the complement system may attach to the invading foreign species. Macrophages also engulf foreign 
molecules and cells, as well as debris from the body's own cells, and display the antigenic determinants of the invader 
thus signalling other cellular constituents of the immune system to respond. 

T cells carry an array of receptors which recognize certain specific antigens, and the T cell system generally 

45 constitutes one of the key constrtuents of the overall immune system. There are three basic classes of T cells, referred 
to as Helper T cells. Suppressor T cells and Killer T cells. Helper T cells are activated to reproduce by a protein released 
by the macrophage, interleukin-1 , 11 -1 , and they produce a variety of interleukins which activate other T cells and B 
cells. Killer T cells attack and destroy certain immunogenic cells such as tissue from foreign sources, parasites, and 
immunogen containing cells such as virus-infected cells. Suppressor. T cells modulate the immune response to meet 

so the challenge from pie foreign invader without an over-response. 

B cells, stimulated by T cells, produce antibodies which couple very specifically to the antigenic determinants of 
the invading species. Antibodies coupled to the antigen inactivate the antigen bearing ceil and/or makes it more vul- 
nerable to ingestion or destruction by macrophages, neutrophils, and other elements of the immune system, and they 
activate the complement system to increase the attack upon the invading species. Both B ceils and T cells contribute 

55 to a residual immunity to the particular antigen which may last for a few weeks or a life time. 

It is anticipated that the successful reconstitution of at least a part of the human immune system in a laboratory 
animal will lead to advances in the evaluation of drugs, the development of therapeutic materials, the development of 
immunizing compositions, and the general study of methods for preventing, treating, enhancing or suppressing immune 
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response to various foreign materials which are or may become pathogenic or undesirable in humans. An important 
application of this principle is the development of vaccines and treatments for pathogenic organisms. The antigenic 
determinants of some pathogenic organisms remain constant from generation to generation and it is possible to induce 
immunity to diseases caused by such organisms; indeed, by vaccination many of the diseases which ravaged the world 
in past centuries have been essentially eliminated as a threat to the earth's human population. Other organisms, such 
as influenza virus, however, mutate rapidly and/or are not a single species but, rather, constitute a large number of 
species which differ immunologically. A vaccine to a single form of such species does not induce a lasting immunity to 
all forms of the species. 

Successful development of vaccines and therapeutics for organisms and materials which trigger the immune re- 
sponse requires the ability to track the immune response upon challenge by such organisms and materials. It is, in 
most instances, possible to track the human immune response in several ways, more or less completely. The most 
complete tracking of the immune response would, theoretically, be possible in the human body, where the entire immune 
system resides. This is not generally convenient, however, even under the best of circumstances, where the invading 
species is not fatal, because it is generally impractical to use the human body as an immune system host for long term 
studies. It is, therefore, common practice to use in vitro cultures of human cells for studies of the human immune 
system. This approach, however, has limitations; several features of the complex immune system do not function well 
in culture. Another approach is to study the immune system of other species, mice, rats or guinea pigs typically. 

It would be a great step forward in the study of the human immune system to have available a laboratory animal 
which could be husbanded in a controlled environment and which would provide an adequate in vivo host for the human 
immune system. 

One particular example where the availability of a functioning human immune system in mice, or another laboratory 
animal, would be a major advantage is in AIDS research. Currently, the most difficult challenge to immunologists has 
come with the spread of the Human Immunodeficiency Virus, HIV, (also referred to, generally in earlier reports, as 
lymphadenopathy-associated virus, LAV, and human-T-lymphotropic virus, HTLV, and acquired immune deficiency 
syndrome (AIDS) related virus, ARV) which is generally recognized as causing acquired immunodeficiency syndrome 
AIDS, At least two HIV viruses, HIV-1 and HIV-2, have been identified as AIDS infective agents. These" retroviruses, 
in which the genetic material is RNA rather than DNA, carry an enzyme which catalyzes transcription of viral RNA into 
DNA in the host. The DNA may then be integrated into the genome of an infected cell where it can then be inherited 
by daughter cells and form new virus particles. Through mechanisms not fully understood in humans, the HIV virus 
disrupts the normal immune response by depleting T helper/inducer cells, specifically T4 or CD4 cells, which are re- 
sponsible for the induction of most, if not all, of the functions of the human immune system. One of the first and ultimately 
most lethal events in the progress of AIDS is the suppression of much or all of the human immune system, leaving the 
body with little or no defense against the constant attack upon the human body by bacteria, viruses, plant and animal 
produced antigens, chemicals and foreign materials generally. 

The study of the immunology of HIV is more challenging than the study of more traditional immunogenic materials 
for several reasons. All, or nearly all, of those in whom HIV induces the AIDS set of symptoms die within one to two 
years and are susceptible to most infectious organisms which are of little threat to those with a normally functioning 
immune system. Thus, the human body which is, at best, a very unsatisfactory in vivo host for immunological studies, 
is even less suitable for studying the HIV Add to these faciors the latency exhibited by HIV in inducing AIDS symptoms, 
the low proportion of lymphocytes even in fully infected AIDS patients which contain HIV (1:10,000 to 1:100,000), the 
possibility that HIV induces an autoimmune response, and the probable induction by HIV of an -autoantibody which 
reacts with surface protein on HIV-infected T4 cells, suppressing the proliferation of T4 cells and inducing cytotoxicity 
of T4 cells, and it becomes apparent that the human body is not a suitable subject for most immunological studies on 
HIV. In addition, testing of trial drugs on AIDS patients or HIV vaccines on healthy patients carries risk factors which 
may make such studies unethical in man. 

There has, of course, been an enormous amount of work done on the immunology of HIV and on methods for 
detecting the virus. For example,. a diagnostic method for AIDS and pre-AIDS, and a kit therefor involving the formation 
of an antigen-antibody complex has been described by Axler-BIin, et al., U.S. Patent No. 4,708,818. Viruses are isolated 
from the sera of patients afflicted with lymphadenopathy syndrome (LAS) or AIDS. Immunodeficiency virus (HIV), viral 
extract, structural proteins and other fractions of the retrovirus are recognized by the sera of such patients. 

The human immune system responds directly or indirectly to the introduction of substances foreign to the human 
body into the human body by injection, ingestion or otherwise. Some such responses are not immunological, in the 
strictest sense, but the responses which appear in the immune system may be used as indicative of the efficacy or 
toxicity of the foreign substance. In the evaluation of new drugs it has been necessary to test the drug in three, or 
sometimes more, species, including in many cases in primates, before the drug could be considered for testing on 
humans. 

Mice having severe combined immunodeficiency disease (SCID) are well-known and widely used laboratory ani- 
mals, and have been used in many immunological and oncological studies, see, for example, Dorshkind K.. et al., 
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"Functional Status of Cells tram Lymphoid and Myeloid Tissues in Mice with Severe Combined Immunodeficiency 
Disease," J. Immunol., 7 32(4/1804 -1808, 1984 which demonstrated that SCID mtce lacked functional T and B cells 
but could be reconstituted for these cells by grafting normal mouse bone marrow cells into the mice. The following 
documents also relate to SCID mice; Czitrom, A. A., et al., The Function of Antigen-Presenting Cells in Mice with 
Severe Combined Immunodeficiency," Immunol., 7 34/4/ 2276-2280, 1985; Dorshkind, K. et al., "Natural Killer Cells 
are Present in Mice with Severe Combined Immunodeficiency," J. Immunol., 134(6): 3798-3801, 1985; Custer, R. P., 
"Severe Combined Immunodeficiency in the Mouse Pathology: Reconstitution Neoplasms," Am. J. Pathol., 120(3): 
464-477, 1985; Ware, C. F. t "Human Rat or Mouse Hybridomas Secrete High Levels of Monoclonal Antibodies Following 
Transplantation into Mice with Severe Combined Immunodeficiency Disease," J. Immunol. Methods, 35^:353-362, 
1985. The latter publication reports the investigation of mice with severe combined immunodeficiency disease (SCID) 
for their ability to grow xenogeneic hybridomas of mouse, rat and human origin. Two rat x mouse hybridoma lines 
(187.1.10 and 3B9) and one mouse x mouse hybridoma (2D9) grown (as ascites tumors) in pristane-treated SCID 
mice as ascites tumors showed a 100-200-fold increase in monoclonal antibody levels over the amount produced in 
vitro with a total yield up to 0.5 g of antibody per animal. A human x human hybridoma, CLL-1 1 -D1 , exhibited a 1000-fold 
increase in human immunoglobulin levels in ascites (1.3 mg/ml) as compared to that obtained in tissue culture. 

Mice with severe combined immunodeficiency syndrome (SCID) exhibit an impairment in both T and B cell matu- 
ration, Lauzon, R. J., et aL, 'An Expanded Population of Natural Killer Cells in Mice with Severe Combined Immuno- 
deficiency Lack Rearrangement and Expression of T Cell Receptor Genes," J. Exp. Med., 164(5}. 1797-1 802, 1986; 
Dorshind, K. et al., "Lymphoid Bone Marrow Cultures can Reconstitute Heterogenous B and T Cell-Dependent Re- 
sponses in Severe Combined Immunodeficient Mice," J. Immunol., 1 37(11 7:3457 -3463, 1986. 

Other laboratory animals which possess little or no immune system of their own, or which have been treated with 
drugs gx/adiation, or produced through traditional genetic development or genetic engineering to have either a sup- 
pressed immune system, a weakened immune system or a modified immune system, or no immune system at all, such 
as, e.g. SCID horses and other SCID animals and potentially even AIDS infected animals in which AIDS has been 
arrested after destruction or inactivation of the animals' immune system may be considered as laboratory animal can- 
didates for use in the present invention and thus f unctionalfy the same as or equivalent to SCID animals. A number of 
such animals are known, e.g. SCID mice, SCID horses, nude mice, etc., and equivalent animal candidates will un- 
doubtedly come available as needed. SCID horses, for example, have been widely studied, see e.g. Perryman L.E., 
McGuire, T.C., Torbeck, R. L., and Magnuson, N.S., "Evaluation of Fetal Liver Cell Transplantation for Immuno-Recon- 
stitution," Clin. Immunol. Immunopath., 23(1)'A -9, 1 982. Perryman, etal., ibid., report, for example, on efforts to transfer 
the immune system from a normal horse to an SCID horse in which fourteen foals with severe combined immunode- 
ficiency (SCID) were given single-cell suspensions prepared from livers of equine fetuses 45-201 days gestational 
age. None of the foals demonstrated functional engraftment in terms of identifiable donor lymphocytes, increased 
peripheral blood lymphocyte counts, development of phytolectin- or antigen-responsive lymphocytes, or the ability to 
synthesize Ig and specific antibodies. Such a transfer of at least part of the immunological system was, previously, 
apparently transferred within the same species using this technique employing fetal liver and thymus cells in combi- 
nation. No transfer of the immunological system of one species to another species is known to have been reported. 

Polmar, et al., Clin. Exp. Immunol., 64:518-525, 1986 discloses that the immune functions of a seven-month old 
SCID human were restored following a single intravenous transfusion of peripheral blood leucocytes from her histo- 
compatible grandfather. Kersey, et al., Pediatr. Infect. Dis. J., 7:S10-S12, 1988, discloses that in humans with immu- 
nodeficiency following bone marrow transplant, especially following transplants of mismatched human bone marrow, 
some of the patients devebped lymphoid malignancy, whereas the majority of SCID patients failed to develop malig- 
nancies after transplantation. Garcia, etal, Cancer60: 2941 -2947, 1 987 discloses that an infant with SCID who received 
an albgenic bone marrow transplant from her father developed a B-cell lymphoma that contained no detectable Epstein- 
Barr virus DNA or nuclear antigen. 

Another need for a model where the cellular components of a human immune system can be made to function in 
mice, or other laboratory animals, is for studies of tumors and oncogenesis involving the human immune system. 
Malignancies can be induced in laboratory animals by the implantation of malignant cells or by exposing the animal to 
carcinogens. I n the first instance, the type of malignant cell implanted defines the malignancy and in the second instance 
the nature of the malignancy to be expected is principally a function of the point of exposure of the animal to the 
carcinogen. For example, SCID mice have been used to propagate a human lung tumor, Reddy, S. ; el al., "Human 
Lung Tumor Growth Established in the Lung and Subcutaneous Tissue of Mice with Severe Combined Immunodefi- 
ciency, " CancerRes. , 4 7(9). 2456-2460. 1 987. 

The pressing need for a better experimental system for AIDS research has brought into sharp focus the shortcom- 
ings of available animal models and the practical and ethical limitations* of studies of immune responses and viral 
pathogenesis in humans ("News and Views, "Nature, 333:699, 1988; Zagury, D. et al., Nature, 332 728, 1988). Current 
studies of the human immune responses are limited to: (1) relatively restrictive in vivo experiments; and (2) several in 
vitro systems that, while useful, allow only short term studies and support responses to only a few antigens (Immuno- 
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logical Reviews, 45:1-275, 1979). Neither model is particularly amenable to studies of the pathogenesis ol diseases 
of the immune system. 

According to one aspect of the present invention, there is provided a mouse having a severe combined immune 
deficiency (SCID) because of its genetic background, modified by intraperitoneal injection of human cells comprising 
non-malignant leucocytes of a human donor, such that said leucocytes grow in vivo in the mouse and exhibit at least 
a partial immune response of said human donor. 

The mouse may be modified by injection of human cells that are myelocytic, erythrocytic or lymphocytic or any 
combination thereof. In one embodiment, the mouse is modified by injection of human cells that are peripheral blood 
leucocytes. Preferably, the mouse is a C.B.-17 strain of mouse. 

According to another aspect of the present invention, there is provided a method of modifying a mouse having a 
severe combined immune deficiency (SCID) because of its genetic background, comprising the steps of: injecting 
human cells comprising non-malignant leucocytes of a donor human intraperitoneally into said mouse, and maintaining 
said mouse alive for a period of two or more weeks such that said human cells proliferate in said mouse to cause the 
thus-modified mouse to exhibit at least a partial immune response characteristic of said human. 

The human cells may be myelocytic, erythrocytic or lymphocytic or any combination thereof. In one embodiment, 
the human cells are peripheral blood leucocytes. Preferably, the mouse is a C.B.-17 strain of mouse. 

The human cells may be obtained from a human donor who is Epstein-Barr virus positive. 

The present invention contemplates the transfer of at least a part of the immune response system from a human 
to a mouse by the transfer and in vivo nurturing of cells of organs or fluids which express the immune function. The 
two main cell types involved in vertebrate immunity are phagocytes and lymphocytes. Phagocytic cells are sometimes 
referred to as the reticuloendothelial system, and more recently as the mononuclear phagocyte system, while lym- 
phocytes, their precursors, derivatives and supportive cells are referred to as the lymphoid system. Cells from these 
systems may be used in the transfer of the immune functional system from the human to a SCID mouse. The mono- 
nuclear phagocyte system, (MPS), includes cells involved in defense-related phagocytosis derived from bone marrow 
precursor cells characterized by involvement of immunoglobulins and serum complement. The organs in which most 
MPS cells are localized are the bone marrow, peripheral blood, connective tissue, liver, lungs, lymph nodes, spleen 

and nervous system. — - 

The lymphoid system comprises the tissues and organs in which lymphocyte precursors and their derivatives 
originate, mature, lodge and are moved. The principal organs of the lymphoid system of an adult human are. in addition 
to the fymphatic and blood vessels, the thymus, spleen, bone marrow, the lymphatic nodes, e.g. cervical, axillary, 
lumbar, iliac and inguinal nodes, and to a lesser extent the heart and stomach. The fetal lymphoid system includes the 
yolk sac, pharyngeal pouches, bone marrow, liver, spleen and thymus. 

Certain embodiments in accordance with the present invention can provide a laboratory animal in which the es- 
sential elements of the human immune system reside and which thus produces human antibodies when challenged 
with particular immunogens 

A relatively inexpensive test animal is therefore made available for testing the response of the human immune 
system to substances foreign to the human without having to subject humans to such testing. 

In addition, under certain conditions, malignancy of human lymphocytes can be induced within a relatively short 
period of time, within about eight weeks, thus providing a rapid and attractive model for the study of malignant trans- 
formation of human lymphocytes. 

It has been shown that mice with severe combined immunodeficiency (C.B.-17 scid, hereinafter SCID) accept 
xenografts of adult human peripheral blood leukocytes (PBL). The transplanted human PBL expand in number and 
survive for at least 15 months and have been shown to reconstitute human immune function at both the T and B cell 
level. Human immunoglobulin production is restored, and secondary antibody responses to antigens such as tetanus 
toxoid can be induced. Thus, a novel experimental immune system in which human peripheral blood leukocytes (PBL) 
reconstitute immunologic function in mice with severe combined immunodeficiency (SCID) (Bosma, G.C., Custer, R. 
P. and Bosma, M.J., Nature, 301:527, 1983) can be provided. 

PBL transplanted in SCID mice increase in number for at least fifteen months and all reconstituted mice show 
spontaneous secretion of human immunoglobulin. PBL reconstituted SCID mice produce a specific human antibody 
response upon immunization. All of the major cell populations present in PBL are found in the lymphoid tissue and 
blood of SCID recipients. 

Mice transplanted with 50 x 10 6 or more PBL from Epstein-Barr virus (EBV) seropositive donors develop EBV- 
positive B cell lymphomas at 8 to 16 weeks after PBL engraftmenl whereas mice reconstituted with PBL from EBV- 
seronegative donors fail to develop tumors. These tumors involve both lymphatic and non-lymphatic organs, and his- 
tologically resemble poorly differentiated immunoblastic lymphomas. The tumors are associated with high levels of 
human immunoglobulin secretion and serum electrophoresis reveals oligoclonal immunoglobulin banding patters. Anal- 
ysis of tumor DNA shows the presence of EBV genomes and oligoclonal patterns ol immunoglobulin J H gene rear- 
rangement. Taken together, these observations indicated an EBV-related proliferation of B lymphocytes leading to the 
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rapid appearance of oligoclonal B ceil malignancies following transfer of B lymphocytes from "normal" donors to SCID 
mice. 

SCID mice reconstituted with PBL from EBV-seronegative donors have been infected with the LAV-1 strain of 
human immunodeficiency virus (HIV-1 ). Virus has been recovered by co-culture with T lymphob lasts from most infected 
animals, and the virus recovery has increased with time after infection. Some mice with high virus titers have developed 
an acute wasting syndrome and depletion of human T cells. Mice injected with virus-infected syngeneic T cell blasts 
have shown more rapid progression of the disease than mice infected with free HIV Thus, HIV-infected human PBL- 
reconstituted SCID mice are now available as small animal models in AIDS research. 

Injection of fewer PBL from EBV-positive donors or use of PBL from EBV-negative donors results in stable long- 
term reconstitution of a functional human immune system in all SCID recipients. This xenogeneic transplantation of 
human lymphoid cells provides a useful model for the study of normal human immune function, the response of the 
immune system to pathogenic agents, early events in lymphomagenesis, and for the study of certain aspects of the 
response of the human immune system from any substance foreign to humans, e.g. in the evaluation of drugs for 
efficacy and side effects and in the evaluation of materials for possible toxicity to human beings. 

SCID mice, by virtue of their immunodeficiency, are known to be permissive for the growth of transformed human 
cell lines, (Ware. C, Donato, N. and Dorshkind, K., J. Immunol. Methods, 85:353, 1985; Reddy, S. et al.. Cancer Res., 
47.2456, 1 987), but it was not heretofore known that SCI D mice had the ability to support the survival of normal, mature 
lymphoid populations. 

The present invention is founded upon two important discoveries. 

First, it was discovered that the immune system of a donor animal can be created in vivo in a recipient animal of 
a different species than that of the donor animal. This is accomplished by injecting donor animal cells of myelocytic or 
lymphocytic lineage capable of developing immune functions of such donor animal into a living recipient animal of a 
different species which has a severely deficient immune system or lacks a functioning immune system. These injected 
cells maintain the recipient animal alive and develop an immune system in the recipient animal which exhibits the 
donor's immune response characteristics. Cells of the immune system organs of a human, e.g. human leukocytes, can 
be transferred to SCID mice, and later (two weeks, for example) those cells can be stimulated to produce, in vivo, a 
human antibody response, indicating that all essential components of the human immune system are able to function 
in the environment of the SCID animal. This model system will be useful for the study of normal and abnormal human 
immune functions. 

Secondly, it was discovered that malignancies in immune system cells of one species can be induced and studied 
in another species by injecting non-malignant immune system bells of a donor animal into a recipient animal of a 
different species, maintaining the recipient animal alive for from about eight weeks or longer and studying malignant 
human immune system cells in or derived from the recipient animal. SCID mice injected with normal, non-malignant 
cells of the immune system of a human donor, e.g. human leukocytes, are highly prone to the development of human 
immune cell malignancies, e.g. lymphocyte malignancy, within about eight to sixteen weeks. This may in some, but 
not all, circumstances involve latent infection of the donor leukocytes with Epstein-Barr Virus (EBV). Thus, a rapid and 
attractive model for the study of malignant transformation of normal human lymphocytes has been invented. 

A continuing supply of malignant cells of the immune system of a donor can be produced by introducing non- 
malignant cells of the immune system of the donor into an immune deficient recipient animal of a species different from 
the donor and nurturing the recipient animal for from about eight weeks or longer to cause malignant cells of the donor 
to proliferate in vivo in the recipient animal. 

The SCID mouse may comprise a reconstituted human immune system, which, in addition to comprising the es- 
sential elements of the human immune system, comprises human MHC (Class II) restricting antigens for priming the 
human immune response. Such Class II antigens may be introduced by implantation and reconstitution or by mating 
SCID mice to transgenic mice which carry human Class II genes prior to implantation of human immune systems. 

In one embodiment, cells of the immune system of a human can be studied by creating a laboratory animal by 
injecting non-malignant cells of organs of the human immune system into an SCID mouse , keeping the mouse alive 
for about two weeks or more to permit human immune cells to proliferate in vivo in the recipient laboratory mouse, 
challenging human immune-type cells in the mouse with a substance which is known to induce or suspected of inducing 
an immune response in humans or modifying the immune cells in humans and studying the immune response and/or 
Ihe immune system cells in or harvested from the recipient mouse. The human immune system cells, such as lym- 
phocytic, myelocytic and erythrocytic lineage which are capable of developing immune functions, are injected into the 
animal intraperitoneally and may comprise lymphocytes, e.g. B lymphocytes or peripheral blood lymphocytes. 

In another embodiment malignancies in the cells of organs of the human immune system can be studied by treating 
SCID mice by injecting non-malignant cells of such organs of the human immune system into the recipient animal, 
maintaining the recipient animal alive for from about eight to about sixteen weeks or longer and studying malignant 
cells of such organ of the human immune system in the recipient mice. The injection is given intraperitoneally, and 
immune system cells are preferably human peripheral blood lymphocytes, which may be from an EBV-positive human 
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donor. 

Immunologically related diseases such as, for example, acquired immunodeficiency disease can be. studied by 
injecting human cells of myelocytic, erythrocytic or lymphocytic lineage capable of developing the human immune 
function into a SCID mouse, keeping 1he mouse alive for about eight weeks or more to permit such cells to proliferate 
in vivo in said mouse, or the equivalent steps of obtaining such a laboratory mouse. At or after about eight weeks 
human immunodeficiency virus is introduced into said laboratory animal and, thereafter, the animal and /or the human 
immunodeficiency virus in or harvested from said mouse are studied. 

For a better understanding of the invention, and to show how the same may be carried into effect, reference will 
now be made, by way of example only, to the accompanying drawings, in which:- 

Figure 1 depicts the results of early experiments to determine if a functional human immune system could be 
housed in vivo in SCID mice ; 

Figure 2 depicts the results of the xenogeneic transplantation of the human immune system into SCID after sixteen 
weeks of observation ; 

Figure 3 depicts the protocol for carrying out, and the results of, a series of experiments which demonstrated that 
all three critical elements of the human immune system were functioning in SCID mice after two to three weeks, 
showing, specifically, that SCID mice reconstituted with human PBL generate an antibody response to tetanus 
toxoid immunization ; and 

Figure 4 depicts the analysis by flow cytometry of human lymphoid cells recovered from the peritoneal cavity of 
PBL-reconstituted SCID mice. The results show survival of human T cells (both CD4 and CD8 subsets) and B 
cells, and the activation of large cells which include both human and mouse cells. The large cells bind antibodies 
non-specifically, so their identification depends on alternative techniques such as in situ cytohybridization. 

The following description and the experiments specifically discussed are intended to illustrate two general princi- 
ples of wide and general application and not to circumscribe the invention. First, the data demonstrate that the critical 
elements of the human immune system can be shown to function in vivo in SCID mice. Secondly, the data demonstrate 
that human lymphocyte malignancies can be induced reproducibly in SCID mice. 

The first principle has general applicability in that laboratory animals in which the human immune system is resident 
are now available for studying, in vivo, the human immune response to virtually any antigenic material. Such a living 
laboratory for the human immune system has virtually limitless applicability and will be of great value in studying all 
immune-related responses and diseases, with particular value in studying AIDS and other diseases in which the immune 
system is disrupted or inactivated. 

The second principle has general applicability in oncology, in the screening and evaluation of chemicals and bio- 
logicals which may have value in treatment of some forms of human cancer, by providing a living laboratory of malignant 
cells for study. With these principles of broad and general applicability in mind, specific experiments and results will 
be discussed merely as illustrative of the principles involved. 

Such a model would provide an important means for approaching questions of the early events in the pathogenesis 
of AIDS using human cells and HIV, and it would be very useful for vaccine and drug testing programs. The SCID 
mouse was selected because it is conveniently available, and easily managed as a laboratory animal. Alternative 
animals for PBL reconstitution include, among others, SCID.beige (scid.bg) mice deficient in T, B, and NK cells, SCID 
mice irradiated with 300 rads, SCID.HLA -DQ transgenic mice deficient in T and B cells with mouse antigen presenting 
cells expressing human class II HLA molecule, and SCID.HLA-DQ mice irradiated with 300 rads. 

A series of studies were undertaken to determine whether it would be possible to reconstitute immunologically 
deficient SCID mice with a functional human immune system. Such a model would provide an important means for 
approaching questions of the early events in the pathogenesis of AIDS using human cells and HIV, and it would be 
very useful for vaccine and drug testing programs. 

Briefly, human PBL (10 7 - 10 8 ) were injected i.v. or i.p. into panels of C.B.-17 SCID mouse recipients previously 
screened and shown to lack detectable levels of mouse Ig. Mice were bled at weekly intervals and their sera monitored 
in ELISA assays for Jevels of human \g. The results of these assays are depicted in Figure 1. No clinical evidence of 
xenogeneic GVH disease was observed, a result which might have been anticipated if human T cells were to respond 
to mouse MHC antigens. All mice injected i.p. showed deleclable liters of human Ig at one week post grafting and 
thereafter the levels rose exponentially to 1 -4 mg/ml, a level approximately that of normal human serum, and remained 
at this level for up to twenty-six weeks and remained at this level through the twenty-eighth week. 

In a separate experiment, groups of SCID mice were immunized with 100 ng trinitrophenol-tetanus toxoid (TNP- 
TT) two weeks after reconstitution with human PBL. One and two weeks later, the human antibody response to both 
TNP and TT as well as the total human immunoglobulin level were determined by ELISA. A substantial antibody re- 
sponse to TT and a weaker response to TNP was induced in two groups of mice reconstituted with PBL from two 
different donors. The amount of TT-specific antibody accounted for up to 10% of total human immunoglobulin in the 
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best responders. Unimmunized SCID mice reconstituted with human PBL or control SCID mice containing no human 
PBL failed to produce TNP- or TT-specific antibody. Thus, a fully functional human immune system has been recon- 
stituted in SCID mice, since the antibody, response to TNP-TT is known to require the participation of human helper T 
cells, macrophages and B Cells. 

5 SCID mice injected i.p. with large numbers of normal, non-malignant human PBL have developed lymphoid ma- 

lignancies in eight to sixteen weeks post - reconstitution. The evidence for malignancy was the gross enlargement of 
lymphoid organs, the invasion of liver, lung, and kidneys by histologically malignant cells, and the detection of one or 
a small number of expanded B cell clones by serum electrophoresis and Southern analysis of DNA with human immu- 
noglobulin probes. The human origin of the tumors was confirmed by bolh the human Jh probe and hybridization with 

io a human specific Alu-sequence probe. Evidence for the ability to transplant these tumors has yet to be obtained, 
although the tumors can be established as cell lines in tissue culture. This reproducible development of lymphoid 
malignancies under the appropriate conditions of cell transfer establish the PBL-reconstituted SCID mouse as a pow- 
erful model for the study of malignant transformation. 

Using a method in accordance with this invention, one can transfer cells of the organs of the human immune 

is system, e.g. human leukocytes, to a SCID mouse, and stimulate the thus transferred cells to express the human 
immune response, producing human antibody, by reason of the presence and functioning of human T and B cells in 
the SCID mouse. With all the essential components of the human immune system functioning, a new laboratory animal 
is available which will be useful for the study of normal and abnormal human immune functions. 

Experiments were initiated involving transferring varying numbers of PBL by different routes into SCID mice to 

«> define conditions that minimized the anticipated GVH reaction. Table 1 summarizes our findings from these experi- 
ments. 



TABLE 1 



25 




SUMMARY OF HUMAN PBL • 


-> SCID TRANSFERS 




Number of PBL 
Transferred 


Donor EBV Status 


Route 


SCID Recipients 
Analyzed 


Outcome 




10-90 x 10 6 


positive 


i.v. 


10 


all recipients alive 16 


30 










months post-transfer, no 










human Ig production, 
few human lymphoid 
cells detected, no 
human tumors 


35 


60-90 X10 6 


positive 


i-P- 


38 ' 


all recipients produce 










human Ig within 1 week 
of reconstitution, 
survival of human T, B, 
and MO documented, 


40 










produce human 










antibody response to 
tetanus toxoid, develop 
EBV-positive B cell 
lymphomas or 












lymphoproliferative 


45 










disease in 8 - 16 weeks 
post transfer. 



" Continuation of the Table on the next page 
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TABLE 1 (continued) 





SUMMARY OF HUMAN PBL ■ 


-> SCID TRANSFERS 




Number of PBL 
Transferred 


Donor EBV Status 


Route 


SCID Recipients 
Analyzed 


Outcome 


lOx 10 6 


positive 


i.p. 


22 


all recipients produce 
human Ig within 2-3 
weeks of reconstitution, 
survival of human T, B, 
and MQ> documented, 
antibody response to 
tetanus toxoid at 20 
weeks post-transfer, all 
recipients alive at 6-26 
weeks post-transfer, no 
gross evidence of 
tumors. 


50 x 10 6 


negative 3 


i.p. 


3 


all recipients produce 
human Ig within 1 week 
of reconstitution, 
documentation of 
human T, B, and M<D 
survival, positive T cell 
proliferative response to 
tetanus toxoid in vitro, 
no gross or microscopic 
evidence of tumor at 1 4 
weeks post-transfer. 



a an additional 10 SCID recipients were injected with PBL from an EBV-seronegative donor. These recipients developed B lymphomas which hy- 
bridized with an EBV-specrfic DNA prob. The donor is presumed to be EBV virus positive. 



Several conclusions are evident: (1) xenogeneic GVH disease was not a significant problem in any recipients, 
although mild and transient GVH reactions may contribute to spontaneous B cell activation. (2) Survival of human 
lymphoid cells depended upon intraperitoneal injection of PBL; intravenous injection was ineffective. (3) Both the EBV 
status of the PBL donor and the number of PBL transferred were critical. Successful establishment and maintenance 
of functional human lymphoid cells in SCID recipients was achieved with low numbers (1 0 x 1 0 6 ) of PBL from an EBV- 
positive donor or higher numbers (50 x 10 6 ) of PBL from an EBV-negative donor. In contrast, transfer of 50 x 10 6 or 
more PBL from an EBV-positive donor resulted in both a rapid reconstitution of human immune function and develop- 
ment of human lymphoid tumors by eight to sixteen weeks after cell transfer in most mice. The tumors that were 
analyzed in detail were human B cell lymphomas by histologic and immunologic criteria. DNA from these tumors hy- 
bridized with probes for EBV as well as human Alu sequences, and serum from tumor-bearing mice showed monoclonal 
or oligoclonal immunoglobulin patterns. 

Human immunoglobulin (Ig) levels in SCID sera were measured weekly to follow B cell survival and function. Figure 
2 illustrates the outcome in three groups of SCID mice, each injected with PBL from a different donor. Human immu- 
noglobulin (Ig) levels in the serum of SCID mice al intervals of time following intraperitoneal injections of human pe- 
ripheral blood leukocytes (PBL). Methods: PBL from Epstein-Barr virus (EBV) seropositive and seronegative donors 
were prepared by Ficoll-Hypaque separation. Sterile PBL suspensions were injected i.p. into eight-to ten-week-old C. 
B-17 SCID mice previously shown not to produce mouse Ig (10% of SCID mice secrete some mouse Ig; no such mice 
were used in these experiments). Human Ig was quant italed by a "sandwich" ELISA using goat anti-human Ig (Cappel 
Labs) as the capture reagent, pooled human serum of known Ig concentration as the standard, and peroxidase-con- 
jugated goat anti-human Ig as the detection reagent. Microplates (Dynatech)pre-coated with the capture reagent were 
incubated for three hours at room temperature with dilutbns of SCID serum or the standard, extensively washed, and 
the detection reagent added. After peroxidase-catalyzed color development, the optical density at 490 nm was quan- 
titated on a Biotek microplate reader. 

There was a rapid increase in spontaneous human Ig secretion in recipients injected with 50 x 1 0 6 PBL regardless 
of the EBV status of the donor. The cause of this Ig production is not understood at present, but these data suggest 
that it is not necessarily related to EBV transformation of B cells (Aman, P., Ethlin-Henriksson, B. and Klein, G., J. 
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Immunol. Methods, 67:119, 1986) and may not be abnormal since transfer of normal mouse lymphoid cells to SCID 
mice results in similar secretion of mouse Ig (unpublished observations). Transfer of smaller numbers of PBL resulted 
in a slower increase in human Ig levels. SCID recipients that survived long-term (currently sixteen to twenty-six weeks) 
showed stable levels of human Ig ranging from 0. 1 to 1 .0 mg ml" 1 (normal range of human serum Ig is 7-24 mg mH), 
whereas recipients of higher numbers of PBL from EBV-seropositive donors continued to increase Ig production up to 
5 mg mM. 

The demonstration that a functionally intact human immune system can survive in SCID recipients isof fundamental 
importance for the potential utility of the model. PBL-reconstituted SCID mice were immunized with tetanus toxoid, a 
protein antigen to which the PBL donors were known to be immune, and measured the antibody response one to three 
weeks later. Figure 3 presents the results of mice immunized within three weeks following transfer of 50 x 10 6 PBL. 
Tetanus toxoid-specific antibody levels in representative SCID mice immunized with tetanus toxoid one (mice 2440 
and 2442) or two (mice 2333 and 2334) weeks following reconstitution with 50 x 10 6 EBV positive PBL. The selected 
data represent the three patterns of response seen in ten of twelve immunized animals. The selected data represent 
the three patterns of response seen in ten of twelve mice immunized i.p. with 100 Ig trinitrophenyl(TNP)-conjugated 
tetanus toxoid in phosphate buffered saline. Serum was collected prior to immunization and at weekly intervals there- 
after. Antibodies to both TNP and tetanus toxoid were quantitated by ELISA, Only data for tetanus toxoid - specific 
antibodies are reported here. TNP-specific antibody was detected following immunization, but the lack of appropriate 
control antibodies made quantitation difficult. The tetanus toxoid-specific ELISA was a direct binding assay in which 
tetanus toxoid (Wyeth Labs) was bound to microplates, and the binding of SCID serum to the plates compared to 
hyperimmune anti -tetanus globulin (Hypertet. Cutter Labs) standardized to contain 250 IU mh 1 . After extensive wash- 
ing the bound antibody was detected with peroxidase-conjugated goat anti-human Ig as described in Figure 2. The 
right hand panel of Figure 3 illustrates the sensitivity of this ELISA and demonstrates that serum of SCID mice two 
weeks post-immunization gave titration curves parallel to that of the standard. The detection limit of the assay is about 
0.003 IU mh 1 , so all data reported are well above this limit with the exception of the one and three week points on 
mouse 2440. The two PBL-reconstituted SCID mice immunized at twenty weeks post -transfer responded by producing 
0.20 and 0.12 IU of antibody, respectively. For comparison, normal volunteers immunized with tetanus toxoid are re- 
ported to generate 8 to 16 IU of antibody using a similar ELISA (Farzad, Z, James, K. and McClelland, D.B.L, J. 
Immunol. Methods, 87: 1 99, 1 986). 

Eight of ten animals produced detectable antibody to tetanus toxoid, with the earliest responders generally dis- 
playing the highest antibody titer. The amount of antibody found in responder mice ranged from 1 to 1 0% of the amount 
found in immunized humans (Farzad et al., ibid.). Two SCID recipients of 10 x 10 6 PBL were immunized at twenty 
weeks post-PBL reconstitution, and both of these mice produced antibody to tetanus toxoid at about 1% of the level 
of normal humans. 

The results of analysis of human lymphoid cells by flow cytometry are shown in Figure 4. Peritoneal cavity cells 
were recovered from SCID mice injected 48 hours previously with 50 x 10 6 human PBL. The cells were stained for 30 
minutes with fluorescein- or phycoerythrin -conjugated monoclonal antibodies specific for CD3 (a pan-T cell marker) 
and CD19 (a B cell marker). Two color immunofluorescence was analyzed on a Becton-Dickinson FACSCAN flow 
cytometer. The results indicate survival of a discrete population of small T cells (16% of total cells), a population of B 
cells, non-T, non-B cells which include mouse cells, and a mixed population of large, activated cells that non-specifically 
bind both antibodies. This artifactual staining of activated cells, which may be of either mouse or human origin, com- 
plicates enumeration of human cells for several weeks post-transplantation. However, at intervals of 1 2 weeks or more 
following PBL injection, fewer activated cells are present, and it is easier to identify surviving human T and B cells. T 
cells are present in the spleen and peritoneal cavity of these long-term recipients, and the majority of the T lymphocytes 
belong to the CD4 subset. 

This experiment suggests that functional human antigen presenting cells, helper T cells, and B cells persist for at 
least twenty weeks in SCID recipients, although a role for murine antigen-presenting cells cannot be entirely excluded. 
Further evidence of functional reconstitution was obtained from culturing the spleen or peritoneal cells of PBL-recon- 
stituted SCID mice with tetanus toxoid, phytohemagglutinin, or pokeweed mitogen. These anti gens/mitogens stimulated 
increased thymidine. incorporation in cells from most, but not all, recipients tested (data not shown), while unreconstt- 
tuted SCID mice fajled to respond to these stimuli. 

It has been established that recipient laboratory animals injecled with human immune system cells, such as lym- 
phocytic, myelocytic and erythrocytic, e.g. leukocytes, are highly prone to the development of human lymphocyte ma- 
lignancies, thus providing a rapid and attractive laboratory animal for the study of malignant transformation of normal 
human immune system organ cells. Malignancies observed to date have been of B cell origin, but T cell malignancies 
would also develop in this system. EBV, or other viral infections of cells,' may be important in some forms of these 
malignant transformation events but the role of the presence or absence of an infecting virus has not been fully defined 
and data demonstrate that a virally infected cell is not essential. 

The source of the cells, and the history of the cells, used to inject the laboratory SCID animal is not critical, if the 
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cells carry the immunological characteristics of the donor. Thus, frozen, previously stimulated and other cells from the 
immune system of the donor may be used. As shown in the examples, human immune system cells, such as lym- 
phocytic, myelocytic and erythrocytic lineage which are capable of developing immune functions, constitute one of the 
important sources of immune system transfer cells for use in this invention . 

The immune system of the donor can be induced in the recipient using normal cells or cells which are defective 
or abnormal, e.g. from a patient with lupus erythematosus, whether or not the patient has malignancies. Malignancies 
can be induced in the recipient using non-malignant cells from the donor, whether or not normal. 

A first step of enormous importance has been accomplished, revealing the creation of a system in which to test 
human immune responses in vivo in a laboratory animal. There are, of course, substantial questions to be resolved 
respecting the precise explanation of the phenomena which have been discovered, but the appreciation of the signif- 
icance of the discovery need not await a full understanding of the biological mechanisms involved. For example, while 
it is presumed that functional human T and B lymphocytes in SCID mice are derived principally from long-lived recir- 
culating mature cells, such reconstitution from recirculating stem cells or progenitors is perhaps another and/or better 
explanation. 

The normal regulatory interactions that lead to homeostasis in the intact immune system appear to be altered in 
PBL- reconstituted SCID mice, resulting in spontaneous B cell activation in all recipients and tumor formation in recip- 
ients of high numbers of EBV-positive PBL The role of human T cells responding to murine xenoantigens in these 
processes is undefined for the moment. The development of human B ceil lymphomas in SCID recipients of high but 
not low numbers of PBL is a provocative finding, and is reminiscent of the development of EBV-positive lymphomas 
in human SCID patients receiving bone marrow transplants (Shearer, W.T. et al., N. Engl. J. Mod., 3721159, 1985). 
This outcome may reflect a low frequency of latent EBV infection in B cells (Tosato, G. et al., J. Clin. Invest., 731789, 
1 984), a rare transforming event, a B cell expansion that is proportional to the strength of the xenogeneic G VH reaction 
by T cells, or combinations of all these factors. Nonetheless, this observation of rapid development of B cell neoplasms 
provides an important new model for the study of human lymphomagenesis. 

In initial studies of the reconstituted SCID mice with human cells, 10 to 100 x 10 s Ficoll-Hypaque separated PBL 
from healthy adult male donors were injected either intraperitoneal fy (i.p.) or intravenously (i.v.) into SCID mice recip- 
ients. Engraftment of human cells in all mice injected i.p. was observed but no evidence was observed of engraftment 
of PBL given i.v. Eight mice that received more than 40 x 1 0 6 PBL i.p. began to show evidence of clinical illness at 6-8 
weeks post-transplantation, while four recipients of 10 x 10 6 PBL are alive and well over one year after injection. 
Necropsy of affected animals revealed the presence of numerous tumor masses in the peritoneal cavity, liver, lungs, 
and kidneys and diffuse enlargements of the spleen and peripheral lymph nodes. Histological examinations of these 
tumor masses revealed a lymphoblastic proliferation, and tumor DNA hybridized both with human Alu sequence probe 
and a probe specific for the internal repeat elements of EBV. Tumor cells were stained by antibodies to human immu- 
noglobulin and to the B lymphocyte-specific markers CD1 9 and CD20. Both donors involved in these experiments were 
found to be seropositive for antibodies to EBV 

These data led to the postulation that prior EBV infectbn caused either a polyclonal or monoclonal B cell lympho- 
proliferative disease following transfer of sufficient numbers of PBL's to SCID mice. This hypothesis was tested by 
comparing the appearance of tumors in SCID mice receiving equivalent numbers of PBL's from either EBV-positive or 
EBV- negative donors. The results of the studies are presented in Figure 5. These results indicate that EBV exposure 
is related to the development of these spontaneous lymphomas. Further data show that these tumors are often bi- or 
triclonal, and involve both IgM- and IgG-producing B cells, although IgM-positive tumors are more common. 

The development of EBV-associated B cell lymphomas in SCID mice provides a new model for studying early 
steps in lymphomagenesis. 

SCID mice reconstituted with 10 x 10 e PBL from an EBV-seronegative donor have been infected 8 weeks later 
with LAV-1 strain of HIV-1, given as a mixture of free virus and in vitro infected syngeneic T lymphoblasts. As shown 
by the data depicted in Figure 6, HIV was recovered by virus culture from almost all of these mice. HIV replication was 
detected by co-cultivation of fresh human T lymphoblasts and cells from PBL-reconstituted SCID mice. Viral replication 
was quantilated by the appearance of p24 core protein in the culture supernatant using the Abbot p24 capture assay. 
Virus presence was confirmed by PCR and in situ hybridization. Moreover, four animals with very high levels of virus 
have developed AIDS-like syndrome characteristics by wasting, weight tost, and depletion of. human T lymphocytes. 
Thus, a useful animal model for understanding the pathogenesis of AIDS has been developed. 

While these observations raise many unresolved issues, what seems most remarkable is that these xenografts 
were successful in the first place. With further manipulation, it is believed that SCID mice reconstituted with human 
lymphoid ceils can be made to mimic even more closely the intact human immune system. Means are thus provided 
for predicting human immune responses to vaccines, for testing immunomodulators, and for exploring pathogenic 
mechanisms in HIV infection and human neoplasia. 

This invention is expected to find use in conducting immunological research, providing laboratory animals and 
methods which are useful in evaluating diagnostic materials and devices and in evaluating chemical and biological 
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agents for therapeutic applications in humans and animals. 



Claims 

1. A mouse having a severe combined immune deficiency (SCID) because of its genetic background, modified by 
intraperitoneal injection of human cells comprising non-malignant leucocytes of a human donor, such that said 
leucocytes grow in vivo in the mouse and exhibit at least a partial immune response of said human donor. 

2. A mouse as claimed in claim 1, wherein said mouse is modified by injection of human cells that are myelocytic, 
erythrocytic or lymphocytic or any combination thereof. 

3. A mouse as claimed in claim 1 or claim 2, wherein said mouse is modified by injection of human cells that are 
peripheral blood leucocytes. 

4. A mouse as claimed in any preceding claim, wherein said mouse is a C.B.-17 strain of mouse. 

5. A method of modifying a mouse having a severe combined immune deficiency (SCID) because of its genetic 
background, comprising the steps of: injecting human cells comprising non-malignant leucocytes of a donor human 
intraperitoneal ly into said mouse, and maintaining said mouse alive for a period of two or more weeks such that 
said human cells proliferate in said mouse to cause the thus-modified mouse to exhibit at least a partial immune 
response characteristic of said human. 

6. A method as claimed in claim 5, wherein said human cells are myelocytic, erythrocytic or lymphocytic or any 
combination thereof. 

7. A method as claimed in claim 5 or claim 6, wherein said human cells are peripheral blood leucocytes. 

8. A method as claimed in claim 5, 6 or 7, wherein said mouse is a C.B.-17 strain of mouse. 

9. A method as claimed in any one of claims 5 to 8, wherein said human cells are obtained from a human donor who 
is Epstein-Barr virus positive. 



Patentanspruche 

1. Maus, die wegen ihres genetischen Hintergrundes eine schwere Mehrfachimmunschwache (SCID) hat und ver- 
andert ist, indem man menschliche Zellen, umfassend nichtbbsartige Leukozyten eines menschlichen Spenders, 
intraperitoneal injiziert hat, so daf3 die Leukozyten in der Maus in vivo wachsen und zumindest eine partielle Immun- 
antwort des menschlichen Spenders zeigen. 

2. Maus nach Anspruch 1, wobei die Maus verandert ist, indem man menschliche Zeilen, die Myelocyten, Erythro- 
cyten oder Lymphocyten oder irgendeine Zusammenstellung davon waren, injiziert hat. 

3. Maus nach Anspruch 1 oder 2, wobei die Maus verandert ist, indem man menschliche Zellen, die periphere Blut- 
feukocyten waren, injiziert hat. 

4. Maus nach einem vorhergehenden Anspruch, wobei die Maus eine Maus des C.B.-17-Mausestamms ist. 

5. Verfahren zur Abwandlung einer Maus ; die. wegen ihres genetischen Hintergrundes eine schwere Mehrfachim- 
munschwache (SCID) hat, umfassend die Schritte: 

fnjizieren menschlichen Zelfen, umfassend nichtbosartige Leukocyten eines menschlichen Spenders, intra- 
peritoneal in die Maus, und 

Am-Leben-erhalten der Maus fur einen Zeitraum von zwei oder mehr Wochen, so daG sich die menschlichen 
Zellen in der Maus wuchern konncn und die dorart abgewandelte Maus zumindest eine partielle, fur den Men- 
schen charakterische Immunantwort zeigt. 
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6. Verfahren nach Anspruch 5, wobei die menschlichen Zellen Myelocyten, Erythrocyten, Lymphocyten Oder irgend- 
eine Zusammenstellung davon sind. 

7. Verfahren nach Anspruch 5 Oder 6, wobei die menschlichen Zelten periphere Blutleukocyten sind. 

8. Verfahren nach Anspruch 5, 6 Oder 7, wobei die Maus eine Maus des C.B.-17-Mausestamms tst. 

9. Verfahren nach einem der Anspruche 5 bis 8, wobei die menschlichen Zellen aus etnem Epstein-Barr-Virus-posi- 
tiven menschlichen Spender erhalten werden. 



Revendications 

1 . Souris presentant un deficit immunitaire combing severe (DICS) en raison de ses antecedents genetiques, modifiee 
par injection intraperiton^ale de cellules humaines comprenant des leucocytes non malins d'un donneur humain, 
de telle facon que lesdits leucocytes se developpent in vivo chez la souris et y provoquent au moins une reaction 
immunitaire partielle, caracteristique dudit donneur humain. 

2. Souris contorme a la revendication 1 , qui a et6 modifiee par injection de cellules humaines qui sont des myelocytes, 
des 6rythrocytes ou des lymphocytes, ou de toute combinaison de ces cellules. 

3. Souris conforme a la revendication 1 ou 2, qui a ete modified par injection de cellules humaines qui sont des 
leucocytes du sang peripherique. 

4. Souris conforme a I'une des revendications precedentes, qui est une souris de la souche C.B.-17 de souris. 

5. Precede" permettant de modifier une souris presentant un deficit immunitaire combine severe (DICS) en raison de 
ses antecedents genetiques, lequel precede" comporte les 6tapes consistent a injecter a cette souris, par voie 
intraperitoneal, des cellules humaines comprenant des leucocytes non malins d'un donneur humain, et a maintenir 
cette souris en vie pendant au moins deux semaines, de telle facon que lesdites cellules humaines proliferent 
chez ladite souris pour provoquer, chez cette souris ainsi modifiee, au moins une reaction immunitaire partielle, 
caracteristique dudit donneur humain. 

6. Precede conforme a la revendication 5, dans lequel lesdites cellules humaines sont des myelocytes, des erythro- 
cytes ou des lymphocytes, ou toute combinaison de ces cellules. 

7. Precede conforme a la revendication 5 ou 6, dans lequel lesdites cellules humaines sont des leucocytes du sang 
peripherique. 

8. Precede conforme a I'une des revendications 5, 6 ou 7, dans lequel ladite souris est issue de la souche C.B.-17 
de souris. 

9. Precede conforme a I'une des revendications 5 a 8, dans lequel lesdites cellules humaines ont ete prelevees chez 
un donneur humain qui est positif pour le virus d'Epstein-Barr. 
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BOTH EBV- AND EBV + HUMAN PBL RECONSTITUTE 
HUMAN !G PRODUCTION IN SClD MICE 



3 
CD 

O 
_j 
o 
o 

< 

3 
X 



3s 



1000 



100 



10 



. 1 
• 

• a 


• 

* 


I 1 

• 
• 


• 
• 

• 

• 


« 
• 








• 




■ 

■ 


• 








:: 
.:■ 

_ ■ 






• E8V- 
. EBV + 


DONOR 
DONOR 



1000 
100 
10 

H 1 



2 4 6 8 10 

WEEKS AFTER PBL RECONSTITUTE 



FIG. 1 



3 5000h 
O 

0 1000- 

1 500 

- 100 
5 50 



10 
5 



E 



-r— i 1 j i i . i i f-r 

• EBV+PBL.SOxlO 6 



i i 




• EBVPBL 50x1 0 6 ^* 

- E8V+PBL 10x10° 



1 2 3 4 5 6' '8 12 16 
WEEKS AFTER PBL RECONSTITUTE OF SCID MICE 



FIG. 2 



15 



EP 0 379 554 B1 




(N ^ 00 n 00 U) (N 

«~ *0 U> (N U1 

— <N tO 

SERUM DILUTION" 1 



16 



EP 0 379 554 B1 



HUMAN T AND B LYMPHOCYTE RECOVERY FROM SCID 
PERITONEAL CAVITY AT 48HRS. POST-INJECTION 
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FIG. 5 
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